Two age groups, 3 and 15 mo, were used to investigate whether age-associated changes in some parameters related to lipid peroxidation occur in the liver of male Wistar rats and to observe possible effects of dietary selenium supplementation (0.25 and 0.50 ppm) for 12 mo on the same parameters. At these experimental conditions, the most important observation was that peroxidation did not change by aging, at least until 15 mo of age. In addition, the activity of Sedependent glutathione peroxidase (GSH-Px, EC 1.11.1.9) was higher in the liver of the older animals. It is suggested that the enzyme could have a role in the unchanged hepatic peroxidation observed in aged male rats. On the other hand, an effect of dietary selenium supplementation on those parameters was not observed, probably because the selenium levels were still at an adequate plateau.
INTRODUCTION
According to the free radical theory of biological aging, age-related disorders and the aging process can be a result of repeated deleterious damage to cells and tissues by free radicals produced during normal cellular metabolism. Furthermore, lipid peroxidation, a degradative free *Author to whom all correspondence and reprint requests should be addressed.
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radical-mediated process, has been claimed to contribute to several pathological disorders and the aging process as well. (1) (2) (3) .
In mammals, most of free radical reactions involve oxygen. Thus, enzymatic and nonenzymatic antioxidant mechanisms exist to protect them from oxidative injury. Selenium (Se) is a component of glutathione peroxidases (4, 5) , and the selenoenzyme glutathione peroxidase (GSHPx, EC 1.11.1.9), by catalyzing the reduction of H202 and organic hydroperoxides, has an important role in preventing tissue damage (6, 7) .
Hepatic antioxidant protection systems seem to depend on the age and the sex of animals (8, 9) . However, studies related to this subject are not clear, and observations reported in the literature are even contradictory (8) (9) (10) (11) . Changes that occur with age may be different in different species, and in rats, it is suggested that the effects of aging can also depend on the strain of the animals (9) . This study was initiated to investigate whether age-associated changes in some parameters related to lipid peroxidation occur in the liver of male rats and also to observe possible long-term effects of dietary selenium on these values.
MATERIALS AND METHODS
Animals and Diets
Male Wistar rats were fed a commercial diet (Panlab) containing 0.15 ppm Se and had free access to food and drinking. Two groups of rats aged 3 and 15 mo (I and II, respectively) were used as the age groups. Two other groups (III and IV) were supplemented with 0.25 and 0.50 ppm Se, respectively, as sodium selenite in drinking water, since they were 3 mo old and for 12 mo. Thus, group II was the control for these.
Sample Collection
Animals were anesthetized with diethyl ether and killed by cardiac exsanguination. The livers were excised, weighed, rinsed, and perfused with ice-cold 154 mM KC1. Aliquots were stored in liquid nitrogen until analysis. The body weight was determined before anesthesia.
Analytical Procedure
Total lipids were extracted by the method of Folch et al. (12) and determined by gravimetry. Total cholesterol determination was based on the Liebermann-Burchard reaction, as described by Watson (13) . Peroxidation index was estimated in liver homogenates using thiobarbituric acid (TBA) according to the method of Ohkawa et al (14) . Se-dependent GSH-Px activity was assayed in liver homogenates by an indirect method based on the determination of GSSG formed using H202 as substrate, through the spectrophotometric measurement of the decrease in NADPH concentration, as described by Pinto and Bartley (8) .
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Effect of Age and Se in Rat Liver
RESULTS
The effects of aging on body weights and liver-to-body-weight ratios are shown in Table 1 . A higher relative liver weight was found in the younger animals, as a result of their lower body weights (mean of their liver weights was about 50% of that for the older group). Those values were similar in nonsupplemented and supplemented older rats.
The data in Table 2 show the levels of both total lipids and total cholesterol in the liver of all the groups. Depending on the age, there was a significant increase in total lipids but not in total cholesterol. No differ- All values represent mean _+ SD of 3-6 rats/group. *A unit (U) is defined as 1 ~tmol of GSSG formed/rain, at 30~ and pH = 7.4 **Denotes the significance of "t" test of examined group as compared with group II (p < 0.001).
ences between selenium-treated groups and the control group were observed.
In Table 3 , it can be seen that the age and selenium supplementation had no effect on peroxidation determined as TBA-reactive substances in liver homogenates. However, the activity of Se-dependent GSH-Px was increased in the liver of the older rats when compared to the younger ones, but the selenium supplementation did not modify this parameter.
DISCUSSION
At these experimental conditions, peroxidation did not change by aging in the liver of male Wistar rats, at least until 15 mo of age. However, the GSH-Px activity was higher in the liver of the older animals. These results are consistent with previous findings by Pinto and Bartley in male rats of the same strain (8), but not with others (9) .
When the results of several studies on the age-dependent antioxidant systems are being compared, it can be seen that there are discrepancies and even contradictory data. In male Fischer 344 rats, unchanged GSH-Px and superoxide dismutase (SOD) activities, and increased vitamin E and malondialdehyde levels have been reported in the livers of animals aged 14 and 24 mo (9) . However, a significant decrease in SOD activity with age was observed by other authors in male rats of the same strain (10) . In male Wistar rats, a significantly lower hepatic GSH-Px activity in 24-mo-old animals was also observed, when compared to young adults (11) . Therefore, age-associated changes seem to be different in different experiments. Probably, it depends on the experimental
Biological Trace Element Research
Vol. 47, 1995 model, i.e., on the species and strain of the animals and also on the ages that are studied. In the present investigation, since GSH-Px activity is higher in the older animals, it is suggested that the enzyme could have a role for the unchanged hepatic peroxidation observed in aged male rats.
In the study of dietary Se supplementation (0.25 and 0.50 ppm) for 12 mo, no effect on the hepatic parameters was observed, at either level, probably because the Se levels were still at an adequate plateau.
